Schizophrenia is a life-long debilitating mental disorder affecting tens of millions of people worldwide. The serendipitous discovery of antipsychotics focused pharmaceutical research on developing a better antipsychotic. Our understanding of the disorder has advanced however, with the knowledge that cognitive enhancers are required for patients in order to improve their everyday lives. While antipsychotics treat psychosis, they do not enhance cognition and hence are not antischizophrenics. Developing pro-cognitive therapeutics has been extremely difficult, however, especially when no approved treatment exists. In lieu of stumbling on an efficacious treatment, developing targeted compounds can be facilitated by understanding the neural mechanisms underlying altered cognitive functioning in patients. Equally importantly, these cognitive domains will need to be measured similarly in animals and humans so that novel targets can be tested prior to conducting expensive clinical trials. To date, the limited similarity of testing across species has resulted in a translational bottleneck. In this review, we emphasize that schizophrenia is a disorder characterized by abnormal cognitive behavior. Quantifying these abnormalities using tasks having cross-species validity would enable the quantification of comparable processes in rodents. This approach would increase the likelihood that the neural substrates underlying relevant behaviors will be conserved across species. Hence, we detail cross-species tasks which can be used to test the effects of manipulations relevant to schizophrenia and putative therapeutics. Such tasks offer the hope of providing a bridge between non-clinical and clinical testing that will eventually lead to treatments developed specifically for patients with deficient cognition.
The problem
Schizophrenia is a life-long debilitating disorder affecting tens of millions of people worldwide (approximately 1% of the population). The characteristics of schizophrenia are well known, especially the positive and negative symptoms. Positive symptoms are behavioral characteristics not normally present but are present due to the disease process, e.g. auditory and visual hallucinations. Negative symptoms are behaviors normally present but are diminished due to the disease process, e.g. alogia or amotivation. With the serendipitous discovery of antipsychotic treatments in the 1950s (beginning with chlorpromazine, a surgical anesthetic) that alleviated positive symptoms, research focused on developing better antipsychotics with fewer deleterious effects. Research focused on 'me-too' style drugs, developing treatments with properties similar to approved treatments. Hence, several new antipsychotics were identified, but all were primarily dopamine D 2 receptor antagonists. While a second generation of antipsychotics with a wider receptor profile (e.g. serotonin 5-HT 2A antagonism) was developed, these treatments remained primarily dopamine D 2 receptor antagonists (Richelson and Souder, 2000) . This 'me-too' approach to treatment development limited research investigating the cognitive deficits experienced by people with schizophrenia (Markou et al., 2009) , despite this disorder being first described as dementia praecox [premature dementia; (Kraepelin, 1896) ].
Antipsychotic treatments resulted in little improvement in functional outcome for patients, becoming clear that more was required for patients' rehabilitation. Increasing evidence identified that cognitive deficits are likely core to the disorder , correlating most closely with a patient's ability to reintegrate into society (Green, 1996 (Green, , 2006 . It became clear that antipsychotics were primarily efficacious at treating positive symptoms, with limited if any efficacy at treating cognitive deficits (Carter, 2005; Harvey and Keefe, 2001; Keefe et al., 2007; Mintz and Kopelowicz, 2007) . Such limited efficacy likely contributed to the lack of Federal Drug Administration (FDA) approval for antipsychotics being indicated as pro-cognitive. Hence, research has begun focusing on developing drugs to improve cognition in schizophrenia patients (Floresco et al., 2005; Green, 1996 Green, , 2006 , moving from antipsychotic-to antischizophrenia-drug development (Geyer and Gross, 2012) .
A major road-block to developing pro-cognitive treatments for schizophrenia has been that no current treatments exist, hence searching for me-too compounds using a positive control is not possible (Floresco et al., 2005) . Moreover, pro-cognitive treatments for other disorders, such as acetylcholinesterase inhibitors for Alzheimer's disease, demonstrate limited efficacy for cognitive deficits in schizophrenia (Chouinard et al., 2007; Fagerlund et al., 2007; Friedman, 2004; Sharma et al., 2006) . The (false-positive) evidence for beneficial effects of these and antipsychotic treatments has been reviewed elsewhere (Young et al., 2009b and will not be covered here. Despite the increased research on developing pro-cognitive treatments for schizophrenia, no clinically approved treatments have been approved, creating a 'translational bottleneck' between animal and human testing (Hyman and Fenton, 2003) . This bottleneck could reflect the use of paradigms in animals that measure a cognitive behavior in animals-'fast and dirty' techniques (Sarter, 2004 )-that do not equate to the human cognitive construct (Talpos and Steckler, 2013) , e.g. working memory (Dudchenko, 2004) .
Measurement And Treatment Research to Improve Cognition in Schizophrenia (MATRICS)
The limited predictive validity of pro-cognitive treatments and the questionable relevance of commonly used rodent tasks to cognitive functions in humans highlight the difficulty facing translating pro-cognitive evidence from rodents to humans (Sarter, 2004) . In fact, prior to the National Institute for Mental Health (NIMH)-funded MATRICS (Measurement And Treatment Research to Improve Cognition in Schizophrenia) program (Marder, 2006; Marder and Fenton, 2004) , no mechanism existed for the FDA to approve a pro-cognitive treatment for schizophrenia that did not also treat positive psychotic symptoms. With no currently approved treatments, MATRICS took the approach of characterizing cognitive domains that are consistently deficient in schizophrenia patients (attention, working memory, speed of processing, reasoning and problem solving, social cognition, visual learning and memory, and verbal learning and memory). Such an identification of altered processes (Matthysse, 1986; Segal and Geyer, 1985) enabled the definition of a hypothetical construct and subsequent establishment of operational definitions suitable for the experimental testing of the validity of the construct. Thus, theoretically the neural substrates subserving the behavioral construct could be disentangled using animals. MATRICS focused on using paper and pencil tests of these constructs however (Buchanan et al., 2005; Green and Nuechterlein, 2004) , limiting cross-species translational validity (Young et al., 2009b) . Without the quantification of behavioral abnormalities in tests that can be conducted in rodents, developing pro-cognitive treatments based on rodent research would prove difficult (Young et al., 2009b) . After all, the validation of any model will only ever be as sound as the information available in the relevant clinical literature (Segal and Geyer, 1985) , where human and preclinical research should inform one another . (Carter and Barch, 2007) ] initiative identified tasks from clinical and cognitive neuroscience that would fit specific constructs affected in patients with schizophrenia, increasing the opportunity that experiments could be undertaken in both patients and animals (Moore et al., 2013) . Hence, the animal models developed from such research would likely, although not certainly, reflect similar neural mechanisms across species, where human research could inform animal research and vice-versa . An amalgamation of the cognitive domains identified by MATRICS and CNTRICS, with human and animal cross-species relevant paradigms, are detailed in Table 1 .
Modeling cognitive dysfunction for schizophrenia research
Of primary importance is the understanding that schizophrenia is a disorder characterized by abnormalities of behavior. Sufficient quantification of these abnormalities would enable similar behavior to be quantified in rodents, increasing the likelihood that neural substrates underlying these behaviors will be conserved across species. This approach to schizophrenia-relevant research will be presented in the present review. Costa recognized back in (1992) that a bridge must be built between neurobiology and mental illness. By utilizing cross-species research with related tasks, we should be able to increase the likelihood that an identified treatment would cross the species translational gap and prove efficacious in patients. Moreover, this cross-species translational research will be put into the context of understanding cognitive functioning from sensory input to motor output, and thus affecting overall behavior ( Figure 1 ). Describing animal manipulations relevant to the pathophysiology of schizophrenia is beyond the scope of the current review and is detailed elsewhere in this special issue. Some key definitions regarding validating animal models relevant to schizophrenia research are required, however. Some of these validities are described with specific relevance to using rodent species to develop novel molecules as cognition enhancers . Traditionally, when the validity an animal model is discussed, it is important to take note that both the independent variable (i.e. inducing manipulation) and dependent measures (i.e. behavioral outcome) require validation (Ellenbroek and Cools, 2000; Geyer and Markou, 1995; Young et al., 2010b) . The manipulation is best taken from information regarding the disease process of schizophrenia and will be covered elsewhere this issue as well as manipulations of animals relevant to this disease process this issue. For an up-to-date list on animal manipulations relevant to schizophrenia, see http://www.schizophreniaforum. org/res/animal/animal_tables.asp [based on (Carpenter and Koenig, 2008) ].
Irrespective of whether the manipulation or the dependent measure is being discussed however, validity criteria are often described similarly and include etiological (manipulation), construct (convergent and discriminant for the dependent measure), reliability, predictive, and face validity. The more types of validity a model satisfies, the greater its likely value, utility, and relevance to the human condition, although some forms of validity are more important than others [i.e. construct and predictive (Pratt et al., 2012) ]. These aspects of validity are described in greater detail elsewhere (Ellenbroek and Cools, 2000; Geyer and Markou, 1995; Young et al., 2010b) but provided in brief here. Reliability refers to the consistency and stability with which the variables of interest are observed (Geyer and Markou, 1995; Segal and Geyer, 1985) . Face validity refers to the phenomenological similarity between the dependent variable (behavior of the animal) and the specific symptoms of the human condition (Lieberman et al., 1997) . Face validity can be useful heuristic starting point and is intuitively appealing, but it is insufficient by itself (Lipska and Weinberger, 1995) . Predictive validity literally refers to the ability of a model to make correct predictions about the human phenomenon of interest (Geyer and Braff, 1987; Geyer and Markou, 1995) . While some use the term to refer to pharmacological isomorphism [drugs having therapeutic value in the model and humans (Matthysse, 1986) ], this narrow definition ignores ways in which models can make successful predictions in other forms enhancing ones understanding of a phenomenon (Ellenbroek and Cools, 2000) . Construct validity refers to the accuracy with which a test measures that which is intended (Geyer et al., 1999) . Although vitally important (Geyer et al., 1999; , its establishment is rare. Of importance to the current review, a test can also have convergent (or concurrent) and discriminant validity, specifically in relation to other tests. Convergent validity is the degree to which a test correlates with other tests that attempt to measure the same construct (Taiminen et al., 2000) . Discriminant validity is the degree to which a test measures aspects of a phenomenon that are different from other aspects of the phenomenon that other tests assess Schizophrenia is a life-long neuropsychiatric disorder in which patients suffer from a variety of symptoms grouped into three types: positive; negative; and cognitive. Positive symptoms are behavioral abnormalities that are present due to the disease, such as auditory and/or visual hallucinations, grandiosity, etc. Negative symptoms are behavioral abnormalities that are diminished due to the disease, such as alogia, anhedonia, affective flattening, and amotivation. Finally, cognitive symptoms are wide-ranging (e.g. reward processing, perception, attention, and working memory) and link most closely to a patient's ability to function in society and can impact the other symptoms. Antipsychotic treatments are only efficacious for positive symptoms. Treating cognitive disruption may however, be key to developing the first truly antischizophrenia medication (Geyer and Gross, 2012) . (Taiminen et al., 2000) . Etiological validity involves evaluating the manipulation and whether it tests a hypothesis about hypotheses about the etiology of the disease (Geyer and Markou, 1995) . Etiological validity is vitally important for the development of treatments with no positive control (such as described here for cognition). Unfortunately, the etiologies of psychiatric disorders are not entirely known with so many alterations that etiological validity remains difficult to establish. The pathological alterations that arise from the disease process are covered in this issue and require further evolution to develop better model organisms.
Hence, numerous aspects of validity exist. To bridge the translational gap that exists between species, it will be vital that the behavioral measures used in rodents be valid for those measuring behaviors in humans. The pertinent aspects for validity of behavioral measures include face, predictive, and construct validities. The behavioral measures described in this review will include descriptions of their respective validity. First, however, it is important to understand the cognitive deficits experienced by people with schizophrenia, particularly deficits quantified using laboratory-based measures for similar testing in rodents.
Cross-species cognitive assessment

Methods for identifying cognitive deficits in patients with schizophrenia
There are a myriad of cognitive processes affected in people with schizophrenia. MATRICS identified seven affected domains including attention, working memory, speed of processing, reasoning and problem solving, visual learning and memory, verbal learning and memory, and social cognition. Apart from attention/ vigilance, for which the continuous performance test (CPT) identical pairs was chosen, the cognitive tests chosen by MATRICS to assess the domains were paper and pencil tests that required language and/or instructions and therefore not readily amenable to translation for rodent testing (Young et al., 2009b) . For example, the Wechsler III Spatial Span task assesses visual working memory using blocks of various sizes identified in sequence to assess the number of items subjects can remember. While the odor span task (OST) and radial arm maze (RAM) measure the number of items of information rodents can remember (with the latter being visual), rodents are tested only once per day rather than the multiple tests of various span lengths used in human testing (see working memory section below for further details). Furthermore, the tasks identified by MATRICS are impacted by practice effects and deficits in other cognitive domains. More selective tests of specific cognitive constructs are required for cross-species translational testing .
In the subsequent CNTRICS initiative, the focus shifted toward construct-specific aspects of cognition. For example, rather than attention, CNTRICS focused on the cognitive control of attention (focus of attention in response to internal representations), or rather than general learning, they identified reinforcement learning (acquiring behavior as a function of both positive and negative reinforcers). The tasks identified as having putative cross-species translational relevance for these constructs are reviewed extensively by CNTRICS Dudchenko et al., 2013; Gilmour et al., 2013; Lustig et al., 2013; Markou et al., 2013; Millan and Bales, 2013; Moore et al., 2013; Siegel et al., 2013; Young et al., 2013b) . When psychiatry utilizes consistent behavioral approaches between human and animals in research [e.g. self-administration for smoking cessation studies, ], leading to positive results (advent of varenicline), this article reviews tasks available in humans and animals that measure specific cognitive constructs affected in patients with schizophrenia.
Attentional domain
Deficient attention is one of the hallmark cognitive deficits of people with schizophrenia. In fact, poor attention was thought to be a core cognitive deficit of patients wherein deficient attention deleteriously affected all other domains [see Figure 1 for how other domains downstream of attention could be deleteriously affected (Cornblatt and Keilp, 1994; Cornblatt et al., 1997) ]. The gold-standard test of attention in the clinic has been a variation of the CPT. The original CPT developed by Rosvold et al. (1956) required subjects to attend to a visual field, responding to target stimuli (any letter) but inhibiting from responding to non-target stimuli (the letter X). Although variations exist, each task requires both responses to target and the inhibition of responding to nontarget stimuli. For example, MATRICS chose the CPT-IP (Nuechterlein et al., 2008) , which required subjects to respond to pairs of numbers that were identical, inhibiting from pairs that differed (Cornblatt and Keilp, 1994) . These vigilance tasks have been used in clinical testing for over six decades and although adaptations to the task may require other cognitive processes [e.g. AX-CPT was chosen by CNTRICS as a test of working memory maintenance; (Barch et al., 2009a) ], they are still deemed reliable tests of attention.
Other tests of attention for humans have emerged, using a reverse-translation approach for task development. This approach utilizes the basis of a rodent task, creating a human version for clinical testing. One of the first reverse-translated tests of attention was the 5-choice serial reaction-time task (5CSRTT), which itself was originally based on Leonard's 5CSRTT. The rodent 5CSRTT has been studied extensively and reviewed recently (Lustig et al., 2013; Robbins, 2002) . Differences in rat and mouse performance of the 5CSRTT are cause for some concern in relation to the basic strategies used to complete the task. These concerns are detailed elsewhere , but do not detract from the great deal of important research that has been conducted using this paradigm (Lustig et al., 2013; Robbins, 2002) . Of considerable interest for the current review is the recent work on human versions of the task. In the human 5CSRTT, patients with schizophrenia exhibit increased variability in reaction times (Barnett et al., 2010) , which has been described as impaired attention and/or motor function (Chouinard et al., 2007; Fagerlund et al., 2007) . Notably, however, no accuracy, premature responses, or omission deficits have been reported in schizophrenia patients (often the primary measures in the rodent 5CSRTT). A novel human variant of this task has appeared in which subjects are encouraged to respond as quickly as possible throughout the task (Worbe et al., 2014) . This 4-choice task also requires the subjects to hold a space bar prior to stimulus presentation. These changes enabled the assessment of premature responses in humans, with serotonin depletion increasing such responses in humans (Worbe et al., 2014) , as seen in rats (Harrison et al., 1997; Winstanley et al., 2004) . In contrast to the rat findings however, serotonin depletion actually improved the accuracy of humans performing the task (Worbe et al., 2014) , while the accuracy of rats remained unchanged (Harrison et al., 1997; Winstanley et al., 2004) . More regionally selective serotonin depletion e.g. dorsal-but not median-raphe nucleus serotonin depletion (Harrison et al., 1997) does increase accuracy however. Thus, while the utility of this novel 4-choice task for schizophrenia research has yet to be demonstrated it could prove useful in future research.
Another reverse-translated attentional task in which deficient performance of schizophrenia patients has been observed is the 5-choice continuous performance test (5C-CPT). The 5C-CPT task was designed for rodents and based on the 5CSRTT, but included non-target stimuli to provide greater consistency with human CPTs (Young et al., 2009a) . Consistent with human CPTs, signal detection theory (SDT) is used to measure the strength of attentional functioning when the subject is required to respond to target stimuli but inhibit responding to non-target stimuli. Numerous studies exist in the rodent version of this task (Barnes et al., 2012a; Harms et al., 2012) , demonstrating for example that nicotine can improve performance in normal mice (Young et al., 2013c ) consistent with healthy humans performing a CPT (Levin et al., 1998) . Certain manipulations can impair 5C-CPT performance such as subchronic phencyclidine (Barnes et al., 2012b) , acute scopolamine (Young et al., 2013a) , or deficient developmental vitamin D (Turner et al., 2013) . None of these deficits recreate the deficient 5C-CPT pattern seen in patients as measured by dʹ is consistent with other CPT studies (Nuechterlein, 1983 (Nuechterlein, , 1991 . The 5C-CPT deficit of these patients was driven by lower target responses, modestly elevated non-target responses, more variable reaction times, and an exaggerated vigilance decrement over time, although normal accuracy was observed (Young et al., 2013a) . The exaggerated vigilance decrement was also seen in patients performing a novel 'Raindrops' attentional task which-consistent with the 5C-CPT-used a wide visual array (Hahn et al., 2012) . To date, an exaggerated vigilance decrement has only been observed in DBA/2J mice when compared with C57BL/6J mice (Young et al., 2009a) , which may warrant further study, especially since the mice also exhibited comparable accuracy. The availability of functional magnetic resonance imaging (fMRI) (McKenna et al., 2013) and electroencephalography versions of the human 5C-CPT provides further opportunity for cognitive neuroscience-based translational research. Hence, the 5C-CPT could be useful for future translational schizophrenia research in assessing attention, but the consistency of deficits in patients should be further investigated in larger numbers and across difference stages of the illness. In terms of translational validity, 36-hour sleep deprivation impairs human and mouse 5C-CPT performance in consistent domains [misses to targets; Van Enkhuizen et al. (2013a) ]. In addition, the parietal cortex is activated during both target and non-target trials in human fMRI studies (McKenna et al., 2013) , and lesion of the parietal cortex impairs target and non-target responding in mice, impairing attentional performance (Young et al, 2014) . Hence, the 5C-CPT offers a great deal of promise but more work is required demonstrating its construct and predictive validity across species, as well as consistency of deficits in patients with schizophrenia.
Another reverse-translated task to assess attentional function is the distracted sustained attention task (dSAT). The sustained attention task was originally developed by Bushnell et al., (1994) with developmental modifications provided by McGaughy and Sarter (1995) . During the SAT, during a trial a light is flashed or not, and the rat is required to press the left or right lever depending upon their detecting the lights. This task has been used extensively to investigate the effects of nicotinic acetylcholine receptor agonists (McGaughy et al., 1999; Rezvani et al., 2002) as well as their interactions with antipsychotic medications (Rezvani and Levin, 2004; Rezvani et al., 2006) . Such studies are important for future procognitive treatment development since most cognition-enhancing compounds will be co-administered to patients being treated with antipsychotics (Floresco et al., 2005) . The dSAT offers a variation from the original task, whereby a distracting flashing light is introduced a third of the way through the trials, assessing the animal's ability to maintain attention during distraction (Howe et al., 2010) . A human version of the task was developed utilizing similar properties (Demeter et al., 2011) . When tested, patients with schizophrenia exhibited impaired performance throughout the task (detecting the presence of a stimulus) and were affected by distraction equally to healthy comparison subjects (Demeter et al., 2013) . Hence, patients were not more sensitive to the distracting stimulus, belying the premise that such distraction is required to assess their attentional functioning. It was noted that patients did not exhibit an exaggerated vigilance decrement in the dSAT, but healthy subjects did not exhibit a vigilance decrement (Demeter et al., 2013) . Nor was a vigilance decrement noted in rats performing the dSAT, although a drop in percentage of hits was described (Howe et al., 2010) . Importantly for translational research, however, this dSAT provides another opportunity to measure attentional functioning in patients and compare results across species. As described above for the 5C-CPT, the consistency of deficits in patients should be further investigated in larger numbers and across difference stages of the illness. To date, few methodological manipulations have been conducted in both the rodent and human dSAT so the cross-species validity requires support beyond face validity. Thus, the construct and predictive validity of the dSAT should be further investigated.
Working memory
The classical description of human working memory is the requirement to hold information 'online' while manipulating such information before its recall (Baddeley, 1992) . Hence, tasks used to assess working memory in humans traditionally assess the capacity (number of items that can be held online, e.g. digit span) of working memory, with additional complexity requiring the manipulation of those items (e.g. n-back task). The components of working memory have been conceptualized as visual and phonological stores, with the central executive coordinating these capacities for online manipulation (Baddeley, 1986) . The poor working memory in patients with schizophrenia and their possible neurobiological underpinnings have been reviewed recently (Lett et al., 2014) and so this review will focus on understanding the measurement of working memory so that it can be assessed non-clinically. To assess working memory in patients, MATRICS chose the University of Maryland Letter-Number Span Task (UMLNST) and Wechsler Memory Scale-III Spatial Span Task (WMS-III SST), measuring non-spatial and spatial span capacity. Classically, however, rodent working memory is described in terms of delay-dependent memory, contrasting with human measurement of working memory (Dudchenko, 2004) . In fact, Nuechterlein et al. (2005) warned of the difficulty in assessing working memory in rodent paradigms due to the contrasts of span capacity (human) vs. delay dependence (animal). CNTRICS expanded the constructs of interest for working memory, highlighting interference control (online manipulation of information) and including goal maintenance (delay-dependent memory for a single item). To assess these cognitive constructs in humans, CNTRICS chose the Operation/Symmetry Span tasks for interference control and the AX-CPT or dot pattern expectancy (DPX) task to measure goal maintenance (Barch et al., 2009c) . The Operation/Symmetry Span tasks are essentially span capacity tasks that also include the need to make judgment calls on another aspect of the task, thus requiring the manipulation of information while it is held online (Unsworth and Engle, 2007) . The AX-CPT and DPX are similar paradigms requiring the subject to retain an item of information (the letter A or B, or a series of dot patterns) before other stimuli are presented to them after a delay period-after which they identify if the stimuli pairs were targets or non-targets. The dot patterns benefit from patterns that are not readily recognizable and the delay periods thus challenge working memory representation (Servan-Schreiber et al., 1996) . Latterly, the CNTRICS animal sessions included span capacity as an important construct to measure (Dudchenko et al., 2013) , given the evidence that patients with schizophrenia may not exhibit delay-dependent, but selective span-capacity, deficits (Gold et al., 2010) . The availability of cross-species valid tests for each construct will be covered below, although other details are reviewed more extensively for CNTRICS (Dudchenko et al., 2013) or MATRICS (Young et al., 2009b) elsewhere.
Span capacity. Given that MATRICS highlighted span capacity and the interference-control construct identified by CNTRICS contained a strong span-capacity component, here we will first cover span capacity. Some tasks exist in rodents that likely measure span capacity. For example, the rodent span capacity includes spatial and non-spatial (odor) versions (Dudchenko et al., 2000; Young et al., 2007b) . Items are presented with increasing number (starting at 1) so that with every novel item (n+1), the rodent must remember the encountered and only ever choose the novel item (either spatially located or a specific odor), up to 24 items. Originally developed to assess memory-load manipulations of hippocampectomized monkeys (Murray and Mishkin, 1998) , the task has had increased use lately. Another spatial span task includes the RAM (Olton, 1987; Olton and Werz, 1978) , wherein rodents are presented with multiple arms each of which lead to a reward. Spatial cues are provided so that the rodent can 'remember' each location visited and thus not reenter locations already depleted of its reward. Essentially, both sets of tasks require the animal to remember certain items in order to select only novel items (whether odors or locations).
When spatial locations are used, hippocampal lesions deleteriously affect rodent performance on these tasks (Dudchenko et al., 2000) (RAM HIPP). Hippocampal lesions do not affect odor span capacity, however (Dudchenko et al., 2000) . A human version of the OST exists in which subjects with hippocampal lesions exhibit a minor drop in performance (Levy et al., 2003) , which could have resulted from the use of semantic memory in humans. For the OST, nicotine enhances the performance of mice with deficient performance due to over-expression of caspase 3 (Young et al., 2007b) , or ameliorates normal and subchronic ketamine-induced deficits in rats (Rushforth et al., 2010 (Rushforth et al., , 2011 . Moreover, mice with null mutation of the alpha-7 subunit of the nicotinic acetylcholine receptor (nAChR) exhibit poor performance in the OST (Young et al., 2007a) , while an alpha-7 nAChR agonist improved rat performance in the task (Rushforth et al., 2010) . Nicotine can exert beneficial effects on reaction time in working memory span in never smokers, although it made accuracy worse (Foulds et al., 1996) , and there have been few replications. Moreover, nicotine worsened working memory in healthy humans, and did not reverse their deficits when treated with ketamine (D'Souza et al., 2012) . Furthermore, there are few studies investigating the effects of nicotinic agonists on working memory in schizophrenia patients that never smoked. Hence, the pharmacological predictive validity of the OST remains to be verified, as does the construct validity of the task for measuring span capacity.
In terms of measuring memory capacity, a great deal of research has been accomplished using the RAM, although many variants of the task exist (Hodges, 1996; Olton, 1987; Young et al., 2009b) .
Here, we will provide a brief review of the paradigm examining the ability of rodents to remember items (arms) within a session using all available items. A human version of this task-often tested in children-is available, providing evidence of comparable performance levels between rat and human testing (Glassman et al., 1994; O'Connor and Glassman, 1993) . Fetal alcohol syndrome impaired both human (Uecker and Nadel, 1996) and rat (Reyes et al., 1989) performance of a RAM. A virtual RAM exists (Astur et al., 2004; Lee et al., 2014) that activates both hippocampal and frontal cortices (Astur et al., 2005) . More importantly, people with hippocampal damage are impaired in the virtual RAM (Goodrich-Hunsaker and Hopkins, 2010), as occurs in rodents. Moreover, patients with schizophrenia exhibit impaired virtual RAM performance (Spieker et al., 2012) . Of course, pharmacological validation has yet to be determined between the human and rodent RAMs. Improvements in performance can be seen, however, in healthy rats using nicotine and nicotinic agonists (Levin, 2002; Levin et al., 1990 Levin et al., , 2009 , as well as dopamine D 2 family agonists . Although there is limited evidence for nicotine improving traditional measures of working memory in humans, the same D 2 family agonist improved human spatial working memory span capacity in subjects with poor span capacity (Gibbs and D'esposito, 2006; Mehta et al., 2001) . Hence, work with the RAM may provide an opportunity for cross-species translational research toward developing treatments to improve cognitive functioning in patients with schizophrenia. A great deal more work is required, however, validating the cross-species relevance of the task for schizophrenia research.
A touchscreen version of the RAM is available for the Cambridge Neuropsychological Test Automated Battery (CANTAB) wherein subjects must search a number of boxes to identify a hidden marker. Working memory span is assessed by measuring the number of errors subjects made during the task, with a varying number of boxes per challenge (Owen et al., 1991) . Patients with schizophrenia exhibit poor working memory span capacity but only at spans of 4 boxes and above, primarily once a span of 6 and 8 boxes is presented (Pantelis et al., 1997; Potvin et al., 2008) , including in first-episode patients (Cocchi et al., 2009) . Interestingly, modafinil improved spatial working memory measured in this task in healthy subjects only when higher spans were used, such as 10 and 12 boxes (Muller et al., 2013) . This effect of modafinil has not yet been recreated in rodents performing the RAM. Providing such evidence, and whether a dopamine D 2 family agonist would improve human working memory in the CANTAB task, would demonstrate translational evidence for spatial working memory span capacity across paradigms and species.
Goal maintenance. The symbol complexity and its trial uniqueness makes the DPX task an ideal method to measure the maintenance of a single item of information for a certain period of time. Such a task matches with the likes of the trial-unique delayed response task (DRT) for primates pioneered by Goldman-Rakic and colleagues (Arnsten et al., 1994; Goldman-Rakic et al., 2004) . Using this DRT, they were able to demonstrate that increased dorsolateral prefrontal cortex (PFC) firing occurs to cue the location of the to-be-remembered cue and degradation of the firing matches with inaccuracy during choices (Funahashi et al., 1989) . Of course, the DRT uses delays up to several minutes, while the DPX uses delays of only several seconds, relying on stimulus complexity to challenge performance. The reliance of such differences to challenge performance in each species may result in altered neural substrates being recruited for performance in each task and requires investigation. For rodents, there are limited trial-unique delay-dependent memory tasks available. Talpos et al. (2010) developed a trial-unique, delayed non-matching-tolocation (TUNL) task to measure delay-dependent memory using unique stimuli. This task utilizes a row of 3 rows of 9 squares whereby rats perform a delayed-match to sample task using different locations for each trial. The task differs from the complexity of the DPX or AX-CPT but may be useful to measure goal maintenance (Dudchenko et al., 2013) . The degree of difficulty of this task is exemplified whereby performance at small separations is at chance, while hippocampal-lesioned rats are at chance levels with only a 6-second delay. Furthermore, mPFC lesions also impaired TUNL performance at 6-second delays (McAllister et al., 2013) . This task is now available for use in mice (Oomen et al., 2013) but requires a great deal of validation for assessment of performance consistent with that of the human tests of goal maintenance of working memory.
Interference control. In a summary of tasks reported to measure aspects of interference control, it was determined that no rodent task yet exists to measure such a construct (Dudchenko et al., 2013 ) and so will not be discussed further here.
Perception
The first aspect of cognition is how a subject perceives their environment. Although not highlighted by MATRICS, perception was identified as an important aspect to be measured and improved upon across species by the CNTRICS initiative. Gain control and sensory integration of visual stimuli were identified as two important constructs of perception to be measured. Gain control refers to the ability of sensory systems to adapt and optimize response levels to their immediate context (not long-term adaptations) to make best use of a limited dynamic signaling range (Butler et al., 2012) . For humans, the contrast-contrast effect (CCE) task was recommended to measure gain control. CCE arises from a well-known visual illusion where contrast sensitivity is strongly modulated by the visual properties of adjacent or surrounding stimuli (Green et al., 2009) . Alternatively, steady-state visual-evoked potentials and contrast sensitivity to M-and P-biased stimuli was also recommended, again requiring visual contrasting of cues (Green et al., 2009 ). Each of these tasks has some non-human primate analogues but no comparable tasks currently exist in rodents. Other tasks were suggested to measure gain control, such as prepulse inhibition, event-related potentials, and mismatch negativity (Siegel et al., 2013) . Each of these tasks also has a human version but their limited correlation with each other (Light and Swerdlow, 2014) dampens enthusiasm that they measure the same cognitive construct. A detailed discussion of their relevance to gain control is provided by Siegel et al. (2013) . Hence, much more translational research is required if translating perception from rodent to human studies is to be conducted in novel paradigms.
Long-term memory
Both MATRICS and CNTRICS initiatives identified long-term memory as an important cognitive domain negatively impacted by schizophrenia, although MATRICS focused on visual and verbal learning and memory. The constructs identified by CNTRICS were relational encoding and retrieval and item encoding and retrieval. Both constructs required the memory for specific items but that items in the former were in relation to context, stimuli, or events, while the latter held no relational value (Ragland et al., 2009) . Within these aspects of long-term memory, CNTRICS also identified reinforcement learning as a key construct impacted by schizophrenia. Reinforcement learning was defined as acquiring behavior as a function of both positive and negative reinforcers (Ragland et al., 2009 ). Hence, consistent with MATRICS, CNTRICS identified that measuring learning and its outcome would be critically important in treating the cognitive disruption of people with schizophrenia.
Relational encoding and retrieval
To assess the encoding and retrieval of relational long-term memories, the CNTRICS initiative recommended the associative inference paradigm (AIP) and relational and item encoding and retrieval (RIER) task. AIP pairs stimuli types, e.g. faces and houses (A + B), then the same stimuli without other types, e.g. the same houses with other faces (B + C), after which the subject can be tested on inferential relationship between A and C stimuli (Eichenbaum, 2000) . The memory of healthy subjects for inferential stimuli is greater than non-inferential stimuli, whereas no differences in performance for these pairs are seen in patients with schizophrenia (Armstrong et al., 2012a) . Although the performance of patients was barely above chance, limiting comparison with healthy subject performance (Armstrong et al., 2012a) , follow-up tests with an easier task demonstrated similar effects (Armstrong et al., 2012b) . The simplicity of the AIP task enables it to be conducted reliably in rodents with conserved construct validity across species (Bunsey and Eichenbaum, 1996) .
Using the more hierarchical transitive inference paradigm (TIP) where five, not two, stimulus pairs are used, evidence was provided that the deficient associative memory performance of patients with schizophrenia in the task was not confounded by reinforcement ambiguity or novelty (Coleman et al., 2010) . Such associative learning appears to be mediated by a prefrontal-hippocampal network (Devito et al., 2010a (Devito et al., , 2010b . Little schizophrenia-related research has been conducted with AIP or TIP. Mice lacking the vasopressin 1b receptor exhibited normal transitive inference (Devito et al., 2009 ), while DBA/2 mice exhibit poorer TIP performance compared to C57BL/6 mice (Andre et al., 2012) . Serine racemase knockout mice, which have reduced NMDA receptor function, also exhibit normal TIP performance (Devito et al., 2011) . Despite limited findings so far, the development of an automated touchscreen version of the TIP (Silverman et al., 2013) increases the putative utility of the TIP for developing pro-cognitive treatments for relational long-term memory deficits in patients with schizophrenia. This automated task takes several days, however, unlike the original task. Such multiple versus single days of testing introduces new factors such as consolidation that could influence results, as has been seen in tests of attentional set-shifting (Young et al., 2009b) . In fact, within-versus between-session testing can produce different results in animal models of schizophrenia. For example, isolation-reared rats exhibited probabilistic learning deficits over several days, but not when tested within a single session (Amitai et al., 2013) . Hence, care should be taken when examining the construct validity of this automated TIP, although the task itself shows promise.
For relational encoding and retrieval as well as item encoding and retrieval, CNTRICS recommended the RIER task. The RIER task is a complex test using pre-task knowledge of relational information (e.g. weight comparisons of a mouse and an elephant) in association with being shown single items and being asked to rate their 'pleasantness'. Such knowledge and ratings are used to manipulate the encoding strategies of the test subjects. Manipulating such encoding strategies in rodents would prove particularly difficult, although temporal or action-related encoding may be possible in the future.
Probabilistic reinforcement learning
Long-term memory acquisition is important for everyday functioning in patients with schizophrenia. Equally important, of course, is the acquisition of these long-term memories. Memories and skills are commonly learned through reinforcement, either positive or negative. CNTRICS highlighted the need to study reinforcement learning in patients with schizophrenia. Such reinforcement learning is impaired in patients, driven by poorer reward-associate learning (Waltz et al., 2007) . Numerous tasks exist to measure different aspects of reinforcement learning and are primarily probabilistic in nature. Probabilistic learning refers to learning about stimuli that are reinforced or 'punished' on different ratios. Because subjects cannot infer advantageous outcomes based on a single trial, probabilistic learning performance enables an objective assessment of participants' propensity to modulate behavior as a function of reward (Ragland et al., 2012) . Probabilistic learning and reversal learning can be assessed using a variety of techniques. These techniques include having subjects make a judgment call about the length of a line whereby an asymmetric reinforcement schedule will induce a bias in responding to one line that is imperceptibly longer than another (Huys et al., 2013; Pizzagalli et al., 2008) . In this probabilistic reward task, subjects with normal implicit responses to reinforcement should begin selecting that line more often, without being consciously aware of their selection. To date, patients with schizophrenia do not exhibit implicit reward-associative learning in this task (Ahnallen et al., 2012) .
Other probabilistic learning tasks exist, however, which measure explicit probabilistic reward-associative learning. Traditionally, two stimuli are presented with differing reward/ punishment probabilities; for example, 80/20 refers to a stimulus (target) being reinforced 80% and punished 20% of the time it is chosen, while the probabilities are reversed for the other stimulus. Once the subject learns to respond appropriately to the target stimulus, for example, as exemplified by eight consecutive target responses, the contingencies are reversed (Lawrence et al., 1999; Swainson et al., 2000) . Thus, this task measures not only probabilistic learning, but reversal learning as well. Both probabilistic learning and reversal learning deficits are seen in patients with schizophrenia (Dowd and Barch, 2012; Strauss et al., 2011; Waltz et al., 2007) . Importantly, learning and reversal learning studies have a long history of testing in rodents, although most studies to date utilize deterministic (100/0 probabilities) learning. Even with this difference, there is considerable overlap in the construct validities between rodent deterministic and human probabilistic learning/reversal learning (Markou et al., 2013; Ragland et al., 2009 ). Deterministic learning also does not provide researchers with an objective assessment of participants' propensity to modulate behavior as a function of reward, since the non-target (lower reward probability) stimulus is never rewarded. Fortunately, probabilistic learning studies are increasingly being conducted in rodent studies. Rearing rodents in isolation post-weaning has been commonly used to model the social isolation experienced by patients with schizophrenia (Powell et al., 2009) . Isolation rearing induces behavioral abnormalities consistent with schizophrenia such as reduced prepulse inhibition (Geyer et al., 1993) . Isolation-reared rats exhibit deficits in day-to-day probabilistic learning, but normal within-session probabilistic learning (Amitai et al., 2013) , the latter more commonly used in human studies. Inactivation of the Nucleus Accumbens shell impaired both initial probabilistic learning and learning when reward contingencies were reversed, while inactivation of the Nucleus Accumbens core did not affect performance (Dalton et al., 2014) . Mice that lack the alpha-7 nAChR subunit exhibit impaired learning for rewards while their aversively motivated learning remains intact (Young et al., 2011) . The alpha-7 nAChR remains a target for enhancing cognition in schizophrenia (Bencherif et al., 2012) , and studies should perhaps focus on its effects on enhancing reward-associative learning (Acheson et al., 2013; Young and Geyer, 2013) . Such differentiation between aversive and reward-associative learning further supports the premise that differing mechanisms contribute to these aspects of learning, for example, amygdala involvement for aversively motivated learning (McHugh et al., 2014) . Hence, specific structures may relate to learning in response to specific cues. Humans with orbitofrontal cortex (OFC) damage exhibit impaired probabilistic reversal learning as a result of being more likely to shift from both negative and rewarding feedback, specifically shifting after a loss even on the target option (Tsuchida et al., 2010) . Blockade of the serotonin transporter impaired probabilistic learning in mice and rats by decreasing negative feedback sensitivity (Ineichen et al., 2012) , providing some cross-species relevant findings. Matching human and animal lesion/inactivation/pharmacological studies will prove useful for translational studies.
Executive functioning
The cognitive domain of executive functioning is a highly varied domain containing numerous aspects of cognition from problem solving, planning, organization, and initiation of tasks, cognitive flexibility, and the inhibition of inappropriate responses (Ardila, 2008; Jurado and Rosselli, 2007) . While MATRICS focused on measuring reasoning and problem solving-to distinguish this domain from executive control in working memory-CNTRICS identified the constructs of rule generation and selection, plus dynamic adjustment of control (Carter et al., 2012 ). Since the mazes task identified by MATRICS was not readily reproducible in animals, the rodent-supported paradigm was the attentional set-shifting task (ASST) (Young et al., 2009b) ]. Originally developed by Birrell and Brown (2000) , the ASST was designed as a rodent analogue of the intradimensional/extradimensional (ID/ ED) set-shifting task. The ID/ED task was chosen to measure the construct of rule generation and selection in humans, thus providing a great deal of overlap for the translation of test compounds from preclinical to clinical efficacy.
The ASST and ID/ED tasks share a great deal of overlap in their design, procedures, and cognitive domains subserving performance. While the ID/ED task utilizes lines and shapes, the ASST utilizes odors, digging media, or platform textures. Essentially however, there are seven stages to both tasks (Tait et al., 2014) . In stage one (simple discrimination) subjects are required to select between two stimuli of a particular dimension (e.g. odor), one of which is correct 100% of the time (e.g. paprika) while the other is never (0%) correct (e.g. thyme). In stage 2 (compound discrimination) another dimension is introduced (e.g. platform textures such as metal and wood) but the subject must continue to select the original stimulus, ignoring the new dimension. In stage 3 (compound reversal) the stimulus properties are switched such that selecting the previous non-target stimulus (e.g. thyme) is now rewarded, while the other (e.g. paprika) is not. In stage 4 (intradimensional shift) new stimuli pairs are introduced (e.g. garlic and parsley, plus brush and tile) but the original dimension (e.g. odor) remains relevant (e.g. garlic is the target). In stage 5 (intradimensional reversal), the relevance of the two odor stimuli are switched (e.g. parsley is now the target). In stage 6 (extradimensional reversal), another set of novel stimuli are introduced but importantly the first relevant dimension (e.g. odor) is now irrelevant and the previously irrelevant dimension (e.g. platform texture) becomes relevant. Evidence that an attentional set is formed arises from more trials to acquire stage 6 than stage 4 (hence ID/ED shift). Finally in stage 7 (extradimensional reversal), the relevant stimuli are switched within the dimension. Both rat (Barense et al., 2002; Birrell and Brown, 2000) and mouse (Bissonette et al., 2008; Young et al., 2011) versions of the task are available with considerable evidence of cross-species translational validity, for example, prefrontal mediation of set-shifting, orbitofrontal mediation of reversal learning, aging effects (Barense et al., 2002; Birrell and Brown, 2000; Bissonette et al., 2008; McAlonan and Brown, 2003; Young et al., 2010a Young et al., , 2012b . The primary outcome measures of the two tasks differ, however. The primary outcome of the human ID/ED task was the percentage of each group passing each stage. Patients with schizophrenia exhibit a lower percentage passing even the compound discrimination, with large drops of those passing in those passing the extradimensional stage (Ceaser et al., 2008; Tyson et al., 2004) . More recent data present error rates (Hilti et al., 2010; Yun et al., 2011) . Evidence suggests that patients with schizophrenia, including medication-free first-episode patients, may have a generalized learning deficit that is not specific to extradimensional shifting (Hilti et al., 2010; Yun et al., 2011) . The primary outcome presented for the rodent ASST is that of trials to criterion for each stage, with more trials required at the extradimensional versus intradimensional stage. While this difference may not be crucial, presentation of consistent outcome measures are more likely to reveal neuroarchitecture that is consistent across species (Tait et al., 2014; Young et al., 2013b) .
There are other limitations to the interpretation of findings in the ASST, such as when an ED shift is not observed in control subjects, since one could therefore not interpret that an attentional set had been formed (Tait et al., 2014; Young et al., 2009b) . Pro-cognitive development studies should also be cognizant of the limitations of ASST for pharmaceutical research, including the time of drug administration prior to testing and manual scoring (Gilmour et al., 2013) , or the false-positive findings of procognitive effects of antipsychotic treatments (Goetghebeur and Dias, 2009; McLean et al., 2008) . The development of an automated ASST-albeit requiring specialized equipment (Scheggia et al., 2014) -offers an opportunity for improved testing of ASST-like behaviors for drug discovery. This automated ASST may be limited, however, because the trials to criterion of the rodents differed by dimension, an effect also seen when using olfactory or texture cues in observer-rated tasks (Birrell and Brown, 2000; Young et al., 2013b) . As long as any starting dimension effect on learning did not interact with the experimental factors, study findings are still likely valid, highlighting the utility of the ASST. Hence, the ID/ED and ASST provide an opportunity to measure rule generation, reversal learning, and set-shifting across humans and rodents (Gilmour et al., 2013; Tait et al., 2014) , aiding the search for cognition-enhancing treatments for schizophrenia .
Dynamic adjustments of control. CNTRICS highlighted one
aspect of executive functioning that should be measured in patients with schizophrenia, namely the dynamic adjustments of control (Carter et al., 2012) . This cognitive construct was operationalized as "processes involved in detecting the occurrence of conflict or errors in ongoing processing, identifying the type of control adjustments needed, and recruiting additional control processes". For dynamic adjustments of control, the CNTRICS group suggested development of the inhibitory control task referred to as the stop-signal reaction-time task (SSRT) (Barch et al., 2009b) . The SSRT measures a subject's speed and ability to inhibit an ongoing action (Logan et al., 1984) . Originally designed for humans, a rodent analogue is available. In the task, rodents are trained to press two levers in quick succession (go-trial, 80% of trials), but must inhibit responding on the second lever if a tone is presented (stop-signal, 20% of trials). The temporal distance between the stop signal from the second response can be varied to alter difficulty level. Thus, the stop reaction-time (latency) is measured as the longest temporal distance between pressing the go lever, a stop-signal being emitted, and the rat successfully inhibiting from responding on the second lever. Go-latencies are also collected to examine non-specific effects on reaction times.
In humans, the structures subserving SSRT have been examined in detail (Aron and Poldrack, 2006) , while numerous lesion studies in rats have examined structures subserving rat SSRT (Eagle and Baunez, 2010) . For example, both orbitofrontal lesions and dorsomedial striatum lesions slow the SSRT, but only the former does so in the absence of non-specific slowed go-reaction times (Eagle and Robbins, 2003; Eagle et al., 2008) . Lesions of the subthalamic nucleus, on the other hand, completely impair the rats' ability to inhibit responding . Such findings are largely consistent with human studies, highlighting the importance of the subthalamic nucleus for stopping reaction times (Aron and Poldrack, 2005) . Hence, there is construct validity for the rodent to human SSRT.
Another important aspect of validity is predictive validity. Certainly, there is conceptual validity for the task, since stopping is easier for rodents and humans as the temporal distance between the go and stop signal is increased. Pharmacological predictive validity is also important, however, for drug development.
Modafinil is a wake-promoting agent that improves SSRT performance in healthy volunteers and patients with attention deficit hyperactivity disorder (ADHD), but not patients with schizophrenia (Turner et al., 2003 (Turner et al., , 2004a (Turner et al., , 2004b . In rats, however, modafinil only improved SSRT in poor performers without affecting go-reaction time (Eagle et al., 2007) . Modafinil has sped up reaction times in other studies, however (Young and Geyer, 2010) . The ADHD treatment atomoxetine also sped SSRT without affecting go-reaction time (Robinson et al., 2008) . Given that atomoxetine also reduced false alarm responding and premature responding (Robinson et al., 2008) , this mechanism (norepinephrine transporter inhibition) likely affects non-specific inhibitory processes. More recently, the SSRT has also been developed for use in mice, with atomoxetine also enhancing SSRT (Humby et al., 2013) . The availability of the task in mice enables targeted genetic assessments, which are likely to be an important aspect in future schizophrenia research.
The specificity for SSRT to measure the construct of dynamic adjustment of control remains to be validated. An important aspect of dynamic adjustment of control is post-error slowing (PES). PES occurs when a subject slows their response after making an error response, and can be measured in standard reaction-time tasks (Rabbitt and Rodgers, 1977; Schroder and Moser, 2014) . PES is likely mediated by prefrontal control of subthalamic nuclei (Cavanagh et al., 2014) , consistent with findings in the SSRT (Aron and Poldrack, 2006) . In contrast to human PES studies, however, rats performing the SSRT exhibit post-error speeding instead of slowing (Bari and Robbins, 2013) . The opposite findings compared with humans could be due to time-out punishments being used in rodents, but this conjecture has yet to be clarified. PES measurement in other tasks, unpunished SSRT, or in fact punished human tasks, should be investigated. Irrespective of its validity to measuring the construct of dynamic adjustment of control, it is clear that the SSRT will be useful for cross-species assessments of manipulations relevant to schizophrenia, leading to the development of procognitive therapeutics. Given that SSRT performance may relate to the inhibitory control over speech (Xue et al., 2008) , improving SSRT may provide schizophrenia patients with greater control over all inappropriate responses.
Risk-based decision-making
Impairments in decision-making for gains and losses are evident in schizophrenia as well as other psychiatric disorders (Christodoulou et al., 2006; Fond et al., 2013; Mantyla et al., 2012) . Such deleterious decision-making can significantly impact quality of life, increasing attempted suicides (Jollant et al., 2007) . There are several paradigms that measure such decision-making for rewards versus punishment across species. These paradigms include delayed discounting, risky decision-making, probabilistic learning, and Iowa Gambling Tasks (IGT). There are numerous variables in these tasks, for example, delay versus footshocks used as punishment, trial number used to vary probabilities versus discrete choices of probabilities. Thus, depending on the task set-up, various effects of the same manipulation can be seen.
Iowa Gambling Tasks. The IGT utilizes high-yield/high-risk versus low-yield/low-risk options to measure decision-making with real-world translational validity (Bechara et al., 1994) . Subjects select one at a time from four options. Each option consistently provides either high-yield rewards but at high risk of punishment, or low-yield rewards associated with low risk of punishment. Ultimately, the low-risk options provide greater rewards overall, and subjects shift to these options within a single session as trials progress. Schizophrenia patients exhibit disrupted learning in this task, exhibiting a slower learning curve to select the advantageous choices compared with healthy subjects (Brambilla et al., 2013; Kim et al., 2009) . Interestingly, early learning in patients may be impacted by polymorphisms in the serotonin transporter or the serotonin 5-HT 1A receptor (Gu et al., 2013) . Although depressed patients are also impaired in the task, it appears their poor performance is a result of greater sensitivity to punishing stimuli (Adida et al., 2011; Must et al., 2013) , while the deficient performance of manic patients results from their hypersensitivity to high rewards (Cassidy et al., 1998) . These contrasting profiles of deficits in different patient populations may offer the best opportunity to target treatment development to enhance decision-making in patients with schizophrenia.
Based on the human IGT, animal analogues have been created (De Visser et al., 2011) . Consistent with the human IGT, in the rodent IGT animals are presented with four options with different reward/punishment probabilities and magnitudes. Consistent with the human IGT, two options offer small rewards and little punishment (safe/advantageous choices), while the other two options offer larger rewards and more punishment (risky/disadvantageous choices). While multiple-session rodent IGT tasks exist (Baarendse et al., 2013; Van Enkhuizen et al., 2013b; Zeeb et al., 2009 Zeeb et al., , 2013 , these studies examine risk preference on already learned decision-making processes. In contrast to these tasks, the human IGT examines dynamic decision-making during learning in a single session, possibly limiting the translational validity of multiple-sessions rodent IGT studies (De Visser et al., 2011) . IGT tasks in which rodents learn within a single session do exist (Rivalan et al., 2009 (Rivalan et al., , 2011 , which may provide greater relevance to studies in human IGT tasks.
Conceptual validation of the cross-species relevance of the IGT arises from observations of inter-individual differences in risk preference among healthy humans (Bechara and Damasio, 2002; Weller et al., 2010) , rats (Rivalan et al., 2009), and mice (van Enkhuizen et al., 2014) , performing the IGT. Construct validity of the rodent IGT is supported by findings that orbitofrontal cortical lesions exaggerated disadvantageous choices of rats (Rivalan et al., 2011) , and decreased orbitofrontal activation is associated with more disadvantageous choices in humans (Gorlyn et al., 2013; Jollant et al., 2010) . Importantly, some pharmacological predictive validity is evidenced by the finding that elevating dopamine levels in humans results in increased high-risk preference choices (Linnet et al., 2011) , consistent in the between-and within-session tasks in mice (Van Enkhuizen et al., 2013b , 2014 . Cocaine treatment in either humans (Verdejo-Garcia et al., 2007) or the between-session task in mice (Pena-Oliver et al., 2014) increased risk-preference behavior in the IGT. Hence, even with the between-session task there is sufficient plasticity in the animal's choice for comparable effects to be seen across species. To date, no studies have been detailed examining the IGT performance of models related to schizophrenia. Future studies could utilize the rodent IGT to assess decision-making for gains and losses across species, enabling the assessment of putative pro-cognitive treatments to enhance decision-making for patients.
Delay discounting
In delay discounting, high versus low rewards are offered. Choosing the high reward results in a delay period prior to the reward being made available. Choosing the low reward results in an immediate reward, although the same delay occurs before the next trial can begin. Hence, the task measures a subject's preference for immediate low versus tolerance to a delay for a high reward. Patients with schizophrenia exhibit delay-discounting deficits, preferring the immediate low reward as opposed to waiting for higher reward values (Ahn et al., 2011; Heerey et al., 2007) , although no differences have also been reported when smoking status was taken into account (MacKillop and Tidey, 2011) . Certainly, when the individual's consistency of responding (not simply aberrant responses) was assessed, no differences in delay discounting between patients and healthy subjects were reported (Weller et al., 2014) . Delay discounting can be measured similarly in rodents whereby behavioral pharmacological effects can readily be tested. For example, nicotine increased choices for the large risky reward in probabilistic discounting while not affecting delay discounting, while scopolamine treatment increased choice of the small immediate reward while not affecting probabilistic discounting (Mitchell et al., 2012) . It is interesting to note that ventral medial prefrontal cortex (PFC) inactivation did not increase preference for immediate low rewards in rats (Feja and Koch, 2014) , despite this region being important for delay-discounting performance especially when encoding small immediate rewards (Sripada et al., 2011) . Since ventral medial PFC inactivation in rats increased premature responses in the 5CSRTT (Feja and Koch, 2014) , more work may be required to evaluate the validity of this task across species.
Definitive work is also required detailing whether deficits in delay discounting exist in patients with schizophrenia, or whether the deficits stem from delayed learning of the delay/reward contingencies as links to working memory deficits may suggest (Heerey et al., 2007) . Finally, any decision-making studies assessing the subject's tolerance for delays should also assess interval-timing capabilities, since patients with schizophrenia have poor timing ability that is related to the degree of their illness (Papageorgiou et al., 2013) .
Probabilistic choice and risk decision-making. Numerous tasks
exist that measure decision-making in subjects after stimuli are presented in a probabilistic fashion. For example, when presented with a limited set of stimuli having different probabilistic values, patients with schizophrenia have greater difficulty identifying the more rewarding stimuli, likely as a result of reduced activation of the ventral striatum and ventral tegmental area (Rausch et al., 2014) . Some tasks use hypothetical reward values and gambling within the task, demonstrating that deficient performance in patients stems from cognitive deficits (Brown et al., 2013) . Several variations of rodent tasks also exist. For example, punishing stimuli (e.g. footshock) can be used instead of the simple absence of a reward. For example, in the risky decision task, rats are presented with a choice of a large or small food reward, where choosing the large reward may result in a mild footshock (Simon et al., 2009 ). In the probabilistic discounting task, rats are provided the choice of a large or small food reward, where choosing the large reward may result in no reward (Cardinal et al., 2000; St Onge et al., 2011) . In this sense, the probabilistic learning tasks described above could also be used to measure decision-making (Amitai et al., 2013; Bari et al., 2009) . In human studies, most paradigms will use some form of punishment-for example, loss of points-but few studies in schizophrenia will use physical punishments. Although a full comparison of every task and result is beyond the scope of this review, it should be noted that care must be taken when interpreting results from rodent studies evaluating 'decision-making under risk' and human studies, as the task parameters and hence neural mechanisms underlying performance could be very different. After all, not all decision-making will be made equally, with numerous cognitive domains supporting such decisions (Figure 1 ).
Points to remember
When developing pro-cognitive treatments for schizophrenia, several points should also be considered in addition to the research described above. For example, there are many lessons that should be learned for clinical trial studies undertaken so far: studies may be underpowered, doses were too low, and differing phases of illness examined (Keefe et al., 2013) . Hence, the design of clinical trials to test developed treatments are also vital.
In addition, the clinical studies conducted to date were unlikely to have been driven based on the modern research paradigms presented here. Hence, the non-clinical cognitive tasks used to generate evidence of efficacy may not have had relevance to the cognitive domain/construct tested in the clinical study. Another point worthy of note is that a previously neglected domain has been the motivation of subjects-whether patients or rodents-to perform the task. In fact, CNTRICS felt this area worth raising as their meetings progressed, being described from their non-clinical reports (Markou et al., 2013) even though they never appeared in clinical reports. Changes in motivation can alter task performance including during decision-making tasks (Kim et al., 2012) . In some rodent studies, measures of motivation are included, for example, latency to collect reward (Robbins, 2002) . In addition, response rate can also be measured as responsivity bias in the 5C-CPT (Young et al., 2009a) . Hence, secondary measures are included in rodent studies that are not always available in human studies. Such motivational assessments are therefore important to be included.
An important topic not covered in this review has been tasks relevant to investigating social cognition. A critical review of such tasks relevant to the CNTRICS constructs and the issues surrounding their translational value have been described elsewhere (Millan and Bales, 2013) . Given the disparity between tasks used in clinical versus non-clinical testing, as well as the differences in preferred modality of socializing between species, such studies may continue to prove difficult to bridge between human and animal research (Young et al., 2009b) . Another cognitive domain that could be targeted is paired associative learning to measure long-term memory Young et al., 2013b) . The type of memory (e.g. episodic) measured using the paired associate learning task has been linked to the functional outcome of first-episode patients with schizophrenia (Barnett et al., 2005) . Such paradigms may also prove useful in future cross-species research.
Simply providing a treatment and expecting enhanced cognition may not be the ideal strategy for patients with schizophrenia who have had decades living with altered neurochemistry (Swerdlow, 2011) . Another strategy for developing cognition enhancers would be to discover methods to enhance cognitive remediation via enhancing, for example plasticity (Barak and Weiner, 2011) , reward-associative learning (Acheson et al., 2013) , or identifying mechanisms linked to positive cognitive remediation effects (Swerdlow, 2011 (Swerdlow, , 2012 . A successful example from such an approach includes co-treatments, for example cyclodextrine, for cognitive behavioral therapy for anxiety disorders (Hofmann et al., 2013) . Pharmacologically augmenting cognitive training in patients could be an ideal strategy for future drug research (Acheson et al., 2013; Gilleen et al., 2014; Swerdlow, 2012) .
A vital aspect of future research-as identified by CNTRICS and others Carter et al., 2011; Light et al., 2012; Luck et al., 2012 )-will be the use of biomarkers of effects in future studies. Utilizing such biomarkers, whereby improvements in performance in a model are linked to altered neural physiology that can be measured in the clinic, should become a standard in research. An excellent example of this work stems from observations that modafinil reversed phencyclidine-induced extradimensional shifting deficits of rats in the ASST Goetghebeur and Dias, 2009; Pratt et al., 2012) . Such findings are important because modafinil improved attentional set-shifting in patients with chronic schizophrenia (Turner et al., 2004b) , summarized by Insel et al. (2013) ; see Figure 2 . Beyond this consistency of behavioral pharmacology, however, these authors also demonstrated that phencyclidine also induced hypometabolism in the PFC, which was restored with modafinil treatment . Given that the PFC of rats underlies the extradimensional shifting of rats (Birrell and Brown, 2000) , and modafinil improves setshifting in patients with schizophrenia [ (Turner et al., 2004b) ; although not in first-episode patients (Scoriels et al., 2013) ], these data tie together important neural constructs, with cross-species tasks. Full translation would see set-shifting of patients with schizophrenia being improved in a fMRI setting whereby modafinil enhanced PFC func- This process is detailed in the right panel, which also includes paradigms with cross-species relevance to that cognitive domain. As stimuli are perceived, knowledge of relevance/irrelevance of these stimuli enables attending to currently appropriate stimuli. Knowledge of relevant and irrelevant stimuli may be located in either working or long-term memory (indicated by dashed arrow). Because the 5C-CPT and SAT contain relevant and irrelevant stimuli, these tasks measure attention consistent with the CPTs used in humans which includes responding to relevant and irrelevant information. The 5CSRTT measures sustained attention to relevant information.
Attention to external stimuli enables information to enter working memory. Working memory is another multi-faceted process which has subsystems of span capacity and maintenance of information which are held online for the manipulation of that information. As is clear, while span capacity (OST and RAM) and maintenance of information (DDM) can be measured in animals, the manipulation of information and working memory cannot. Working memory is important, however, for associative learning leading to long-term memory, planning, adaptation, and decision-making. Associative learning enables information to enter long-term memory and can be measured using the ASST, PLT, and TI tasks. Long-term memory can also be measured using tasks such as the MWM and TI task. Adaptation to changing rules in the environment can be measured using the ASST and PRLT. Working memory, long-term memory, and adaptation, all contribute to planning, another behavior that has yet to be measured in rodents due to its internal nature. Inhibitory control is important for non-responses to irrelevant stimuli as well as adaptation to the environment and decisionmaking. Inhibition of responding to irrelevant stimuli can be measured using the 5C-CPT or go-nogo tasks, while inhibitory processes to initiated behaviors can be measured using the SSRT. Decision-making is the final process incorporating aspects of working memory, planning, and adaptation. Decision-making can be inferred from changing behaviors to reward or punishment during learning, for example, IGT, PLT, and PRLT. Finally, the motivation or the perceived reward value of the stimuli also contribute to the degree these cognitive processes are engaged. The properties of these behaviors can be measured using PRB studies, PLT, and bias in response to reward probabilities.
tion during task performance. Hence, these studies are possible to conduct and are an example for future researchers. This review has focused on using rodents as non-clinical subjects to determine the efficacy of pro-cognitive treatments for patients with schizophrenia. While not discussed, it is important to remember that non-human primates ) and more often now zebra fish (Stewart et al., 2014) can and are also used for such studies. The relevance of the tasks used in these species for human research warrant future discussions.
Irrespective of the species used, the task selected, or the biomarker data, it is vital to recognize that a pro-cognitive treatment for schizophrenia will likely be co-administered with an antipsychotic (dopamine D 2 receptor antagonist) to patients. Hence, understanding the effects of such treatments on performance of these tasks should be investigated in normal animals in combination with putative therapeutics (Barak and Weiner, 2011) . A good example of this work has been conducted by Levin, Rezvani, and colleagues for the SAT (see Attentional Domain). This work will have to be extended to all nonclinical studies. While this work would increase the cost and time of such studies, this cost is little compared with the vast expense of Phase III studies (Keefe et al., 2013; Keeler and Robbins, 2011) . Hence, early investment in animal studies may prove beneficial in the long term in terms of costs, the continuous enrollment of patients in studies, and the benefit of not raising patients' hopes needlessly.
Summary
It is worth reiterating that of primary importance is the understanding that schizophrenia is a disorder characterized by abnormalities of behavior. Quantifying these abnormalities using cross-species-relevant tasks would enable the quantification of such behavior in rodents. This approach would increase the likelihood that the neural substrates underlying these behaviors will be conserved across species. As described by Moore and colleagues (2013) , if the cognitive processes of interest are defined, their neural mechanism mapped out, and particularly if they map on to a task quantified in patients, much progress will be made. Cross-species translational research has come to the fore in cognitive neuroscience, and the research represented here suggests that while the bridge between non-clinical and clinical research requires finishing, the framework has largely been laid. Finally, the cross-species behavioral framework presented here-while discussed in relation to schizophrenia-will also be relevant for other disorders or in fact in the NIMH Research Domain Criteria (RDoC) initiative, a new way of classifying psychopathology based on dimensions of functioning Insel, 2014; Insel et al., 2010; Morris and Cuthbert, 2012) .
